: Development of Embryos within hydrogel cavities. A) Summary of the mathematical model used for calculating force from hydrogel deformation (a and h). Radii of curvature (Ra, Ra ' , Rb ' ) at points P1 and P2 were also used to calculate pressure due to surface tension in oil droplets. B) Agreement between the model and pressure data from droplet calibration. Line fit is 1:1 agreement with R 2 =0.922. C) Immunostaining of control and compressed embryos using TE and ICM specific antibodies against CDX2 (magenta) and OCT4 (cyan) respectively. DAPI was used to stain nuclei and Phalloidin was used to stain F-actin. D) Development and viability of flushed embryos in hydrogel cavities. To estimate the development of embryos in hydrogel cavities we compared total and inner cell mass cell counts between compressed (N=17) and uncompressed (N=21) embryos in culture media and found no significant difference. To test cell viability, we estimated the number of fragmented nuclei which showed no statistically significant difference. E) development and viability of freshly flushed (at E2.5) and cryopreserved embryos (at E2.5 and E3.5) that had been thawed and cultured in hydrogel cavities. To estimate the viability of embryos developing in hydrogel cavities we compared total and inner cell mass cell counts between compressed (N=39) and control uncompressed (N=51) embryos of both types (pooled fresh and cryopreserved) and found no significant difference. Furthermore, estimating the number of fragmented (and possibly damaged cells) also showed no statistically significant difference. Figure S2 : Examples of hatched embryos inside channels A) and B). Once the zona pellucida is broken and the pressure decreases, measurements become increasingly difficult due to the diminishing hydrogel deformation. Scale bars -100um.
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.1719930 Figure S3 : Disruption of pressure build-up due to epithelial cell divisions. A time-lapse of a dividing trophectoderm cell around the pressure drop (see movie 1). The images were taken every 6 minutes, scale bar -10µm, white arrows mark the cell before and its daughter cells after the division. Pressure decrease after addition of sucrose at timepoint 107. B) Correlation between water flow and pressure difference across the epithelial layer, R2 = 0.98. C) Comparison of the rates of "pinhole" and" "rupture" hatching types between compressed (N=39) and uncompressed (N=51) embryos. D) Differences in embryo hatching efficiency (as measured by % hatched embryos) between cryopreserved (N=19) and fresh (N=36) embryos.
Movie legends
Movie 1: Example of developing E3.5 embryo within a hydrogel imaged using optical brightfield microscopy Movie 2: Example of developing E3.5 embryo within a hydrogel imaged using optical brightfield microscopy Movie 3: Example of "pinhole" hatching Movie 4: Example of "rupture" hatching
Supplementary Materials and Methods

Reagents
Acrylamide/Bis-Acrylamide (37.5:1) stock solution (40%), ammonium persulphate, TEMED, Ouabain octahydrate, sucrose and collagenase I from Clostridium Histolyticum were purchased from SigmaAldrich. KSOMaa Evolve media was purchased from Zenith Biotech (ZEKS-050).
Animal experiments
All animal experiments were carried out according to UK Home Office project license PPL 30/2887 compliant with the UK animals (Scientific Procedures) Act 1986 and approved by the local Biological Services Ethical Review Process. To obtain wild-type embryos C57BL/6 males were crossed with CD1 females (Charles River). All mice were maintained in a 12-hour light-dark cycle. Noon of the day finding a vaginal plug was designated 0.5dpc (days post coitum). To dissect the embryos, the pregnant females were culled by cervical dislocation and death was confirmed by exsanguination in accordance with the schedule one of the Animal Scientific Procedures Act. Embryos of the appropriate stage were dissected in M2 medium (Sigma-Aldrich) at room temperature. Pre-implantation embryos were collected by oviduct and uterus flushing and then cultured in KSOMaa Evolve media, unless otherwise mentioned.
Mouse embryo cryopreservation and thawing
Mouse embryos were harvested by M2 media flushing of oviducts/uteri of 3-4-week old superovulated C57BL/6J female mice at 2.5 or 3.5dpc. Embryos were washed and transferred to KSOMaa Evolve media for incubation at 37°C and 5% CO2. Cryopreservation and thawing were according to the protocols developed by the European Mouse Mutant Archive node at MRC-Harwell. Briefly, embryos were incubated for 5 minutes in 1.5M Propylene glycol in M2 media, loaded into straws, followed by cooling to -7°C and held at this temperature for at least 5 minutes. Freezing was seeded with a liquid N2 soaked cotton swab, followed by cooling from -7°C to -30°C at a rate of 0.3°C per minute in a controlled rate freezer (Planer Plc) and placed in liquid phase N2 for long-term storage. Frozen straws of embryos were thawed in air for 30s followed by brief incubation in roomtemperature water. Embryos were transferred immediately on thawing to an excess of 1M Sucrose in M2, incubated for 5 minutes at room temperature, washed in M2 and transferred to KSOMaa Evolve culture media for further incubation. Thawed embryos used in this study had been cryopreserved for a period of at least 4 years.
Immunostaining
Embryos used for measurements and control embryos were fixed using 4% paraformaldehyde for 20min at room temperature. Embryos used for measurements were then flushed outside the hydrogel cavities into PBS containing 2% BSA (PBS-BSA) using a mouth pipette and a hand-pulled glass capillary. Following a brief wash in PBS-BSA, embryos were permeabilized with PBS containing 0.25% Triton X-100 for 15 minutes at room temperature. They were briefly washed twice in PBS-BSA and then transferred to a blocking solution containing 1% BSA, 5% donkey serum and 0.1% Tween in PBS for 1h at room temperature. OCT4 (Santa Cruz Biotechnology, sc-5279) and CDX2 (Cell Signaling, 3977) antibodies were diluted at 1/100 in blocking solution. Embryos were incubated over-night at 4°C with the primary antibody solution. Embryos were washed 3 times for 10 minutes in PBS-BSA and incubated with Alexa Fluor 488 donkey anti-rabbit (A21206, Invitrogen), Alexa Fluor 555 anti-mouse (A31570, Invitrogen) and Phalloidin-Atto 647N (65906, Sigma) diluted 1 in 100 in blocking solution for 1 hour at room temperature. Embryos were washed 3 times for 10 minutes in PBS-BSA and mounted in Vectashield with DAPI (Vector Laboratories) and kept at 4°C until they were imaged using a LSM880. Volumes for each embryo were acquired with a z interval of 1.5µm.
Inhibitor experiments
After mouse dissection, collected embryos were placed either in KSOM evolve media or the same media containing compounds for interfering with pressure development: sucrose (50mM -1M), Ouabain (0.1 -0.2mM) and Collagenase (0.1 -0.5mg/mL). Ouabain was dissolved in DMSO at the concentration of 100mg/mL and then diluted to the final concentration in embryo culture media. Analogous DMSO controls have been used for comparative experiments. Collagenase powder was dissolved in KSOM media at the concentration of 10mg/mL and then diluted to the target concentration.
Calibrating the pressure exerted by cylindrical cavities
FC-77 oil droplets were used because of their inertness towards different types of media and invariant surface tension of 35mN/m, which was determined by the critical droplet radius method and previous reports. Different size droplets were inserted into three different stiffness channels with three different diameters. Deformed droplet profiles were captured by ImageJ, measuring channel diameter, the extent of indentation and curvature at the ends of the droplets as well as contacting regions. Curvature measurements allowed to determine the pressure difference between the ends and the sides of a droplet, which is offset by hydrogel compression. The pressure a droplet exerts on the hydrogel was then calculated by using Laplace equation and taking into account the differences in surface tension at different points, (Fig. S1A and B, Equation 1 ). 
Elastic model derivation
To characterize the pressure-dilation relationship for the hydrogel channel, we calculate analytically the pressure P(h) that the channel must be pressurized to for it to dilate evenly from an initial radius of a to a final radius of a+h. When the channel is dilated to h by an oil drop or an embryo, the gel will push back on the drop/embryo with the same pressure P(h) provided that the dilation, h, varies slowly along the length of the channel (i.e. over length-scales larger than a) so the dilation is locally homogeneous. In our experiments this criterion is met, for example h changes modestly over a contact length of approximately 6a (Fig. S1A ) and the accuracy of the even dilation approximation is verified in Fig S1B, which shows excellent agreement between oil-droplet pressures calculated using P(h) and those calculated directly from surface tension.
To calculate P(h), we model the hydrogel as an infinite incompressible solid with shear modulus E, and, in cylindrical coordinates (r, φ, z) occupying r>a when undeformed. When the channel is pressurized to P, the gel at (r, φ, z) will move outward to (R(r), φ, z), leading to the deformation gradient within the gel: 2(H) = H + ℎ ⇒ G -= ℎ(2H + ℎ)
We model the gel as a neo-Hookean solid, meaning it stores elastic energy per unit volume This neo-Hookean energy is the simplest possible model for solids capable of undergoing large strains and is known to provide a good description of gels and elastomers at the modestly large strains (order unity) relevant to this work. If the channel has length L, the total elastic energy is 
